t o 100 mTorr, t h e s i l a n e c o n c e n t r a t i o n from 5 t u 100 % a n d t h e gas f l o w r a t e from 10 sccm t o l i t t l e h i g h e r .
The l i g h t s o u r c e f o r t h e a b s o r p t i o n m e a s u r e m e n t u s e d w a s a commercial h o l l o w c a t h o d e lamp. The l i g h t r a d i a t e d from t h e lamp was t r a v e l l e d 4 t i m e s t h r o u g h t h e plasma by t h e White t y p e m u l t i -r e f l e c t i o n s y s t e m ( a b s o r p t i o n l e n g t h of 40 cm).
The l i g h t s w i t h a n d w i t h o u t a b s o r p t i o n were d e t e c t e d u s i n g a monochromator, p h o t o m u l t i p l i e r t u b e and b o x c a r i n t e g r a t o r .
S i g a s t e m p e r a t u r e was assumed t o be 350 K f o r t h e S i e m i s s i o n l i n e from t h e h o l l o w c a t h o d e lamp and t h e S i a b s o r p t i o n l i n e from t h e RF plasma.
The S i atom d e n s i t y a t t h e 3p2 3P2 l e v e l was d e t e r m i n e d from t h e a b s o r p t i o n measurement of t h e 251.6 nm l i n e and t h a t a t t h e 3~~ lD? l e v e l was d e t e r m i n e d f i r s t h e r e u s i n g t h e ' .5 X L 288.2 nm l i n e .
S i atom d e n s i t i e s a t t h e two l e v e l s as a f u n c t i o n of s i l a n e c o n c e n t r a t i o n i n t h e SiHq/Ar g a s m i x t u r e . They d e c r e a s e w i t h t h e i n c r e a s e i n SiH4 conc e n t r a t i o n , which i s c o n s i s t e n t w i t h t h e r e s u l t o f t h e e m i s s i o n measurement i n r e f . 5 . 7 , 1565 (1988) 2) K. Kato e t a t , J p n . Symp. Plasma Chem. L, 11 (1988) 3) K. T a c h i b a n a e t a l , P r o c . ISPC-7, 588 (Eindhoven,l985) In this paper, the effect of the induction frequency on the Local Thermodynamic Equilibrium ( L E ) conditions in an inductively coupled plasma is investigated. Using generators with frequencies ranging from 5 to 56MHz, Capelleet al [ 11 investigateddemonstrated the importance of this effect. Their measurements of the excitation temperatures of the iron atomic lines showed a sharp decrease in this temperature as a result of the increase in frequency. Another conclusion was that, all other parameters constant, increase in frequency will help the promotion of non-LTE effects.
To study the effect of frequency, a theoretical study is carried out. A model is developed for the calculation of the two-dimensional flow, electron and heavy atodion temperatures and the electromagnetic fields. With the exception of the treatment of the electromagnetic fields, the present model follows our earlier work [2] . The electromagnetic fields are assumed to be two-dimensional and a new model based on the vector potential concept [3] is employed. Results are obtained for an atmospheric argon plasma under different operating conditions. Computations are carried out for an 18 mm diameter ICP torch operating at 1 kW and argon flow rates of up to 16.2 slpm. The induction frequency varied from 3 to 40 MHz. Results are obtained by two different models, the f i i t is based on LTE and the second one is the two-temperature model. Both models predict that the temperature levels in the torch decreases as aresult of increase in frequency. Figure 1 shows the maximum predicted temperatures in the torch. The two-temperature model predicts higher electron temperatures than the heavy atom/ion temperature. As shown in Figure 1 , this difference is increased with frequency. Another important result is that the LTE predictions is consistently higher than the two-temperature model. This is an important difference, considering that it is the atodion temperature that is responsible for the heating and evaporating of aerosols or powders. Thus for conditions used here, using the LTE predictions will overestimate the particle heating substantially. Capelle, B., J.M. Mermet, J. Robin, Appl. Spectroscopy, 36, 102 (1982) . Mostaghimi, J., P. Proulx, and M. Boulos, J. Appl. Phys. I, 1753 (1987) .
Mostaghimi, J., M. Boulos, Plasma Chem. Plasma hoc., 9.25 (1989) .
5A-7
Impact In the center of a free-burning, high Intensity argon arc at atmospheric pressure, a highly ionized vapor beam of copper has been generated by a continuous feeding of a thin (0.5 and 1 mm diameter) copper wire to the hot surface region of the cathode in the vicinity of the plasma attachment. The copper vapor is carried into the plasma column between the electrodes by the self-magnetic induced plasma flow caused by the cronical shape of the cathode.
In order to study the vapor beam, the arc is modeled at atmospheric pressure, with a current of 150 A, a gap spacing of 1 cm, a cathode tip of 60 degrees and a copper vapor flow of lmg/s. The temperature, mass flow, current flow and Cu concentration are calculated for the entire plasma region. The intensity distribution of CUI spectral line at 5218.2 A is also recorded by emission spectroscopy and compared with the calculated values.
The copper vapor in the cathode region has velocities of 210 m/s with a mass concentration of above 90% within 0.5 mm from the arc axis. The vapor passes from the cathode toward the anode with a slight diffusion in the argon plasma. Higher temperatures and current densities in the core of the arc, caused by the cathode evaporation, are calculated.
